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Things have gone downhill since 
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14 th century missile guidance 
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1940’s Missile Guidance 



• Programmed in assembly; Harvard architecture 
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Onboard Missile guidance 

computers 



• Auxiliary tape memory (VIII and later) and glass delay 
line registers. 
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Gemini Guidance computer 

Mercury manned spacecraft did not have an onboard 



• No in-flight errors attributed to software. 

• 2,000 person-years independent verification. 
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Apollo Computers 
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Apollo Guidance computer 
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Onboard Spacecraft compu 
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problem, (ie, don’t use bit 6) 


O o 

=3 a 
cr cq 
o -5 

03 o 

Q_ ^ 
0 Q_ 

o 

t I 

03 3 


cr zr 
q 

"a n 
0) 14- 

0) — 
0 T3 


3 - > m 

0 3? X 

B. 0 'S 

< “■* 0 

< Z5. 

0 =3 

(B ^ ® 
■o '< 3. 
3 m — 

3 O O 
3 =3 

■ i 

^ O 0 
DO -Q 

q- 


C 03 - 


Oc Q 

“■h 

0 g 5 ° 

q. li' -i 

Q- 0 O 
0 Q. "O 


O > O 

O 3 

^ —v , 

CD O □? 
= O 

^ O 0 

o'l B. 

^ 8 7 

t°i 

in 

>?: 
0^3" 
3 ^ 0 

-D > 9 

03 O Cr 

O E 

0 —» 0 
"** “ CQ 

"** S Ji /*> 


NASA’s OBP 



dicated hardware simulators ($$$) 
stom interfaces ($$$) 
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temperature seen in flight. 

Protection against “hits” was completed 2 months post¬ 
launch. (work-around) 
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* Diagnostic patch uploaded Jan. 1980. 
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IUE, continued 



Fixed point design. 
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simulator (PDP-11/70). 

• Later, HAL-S compiler by Intermetrics. 
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NSSC-1 programming and support 




SMM software memory usage 
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NSSC-1 Flight Executive 



Later, loss of a star sensor was countered by 
reprogramming to use simultaneous observations from 
two other orthogonal sensors. 
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Further work 
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And, in conclusion 



